Laser-ablation inductively-coupled mass spectrometry (LA-ICP-MS)
LA-ICP-MS equipment housed at Adelaide Microscopy, The University of Adelaide was used to analyse trace elements in minerals prepared in one-inch polished blocks. The laser ablation system used was a RESOlution-LR (Applied Spectra Inc., Fremont, SA, USA) with a S-155 large format, two-volume ablation cell designed by Laurin Technic Pty. Ablation was performed in an atmosphere of UHP He (0.38 L/min). Upon exiting the cell, the aerosol was mixed with Ar (1.05 L/min) and passed through a pulse-homogenizing device prior to injection into the torch. The ICP-MS system was optimized daily to maximize sensitivity of isotopes in the mass range of interest, while keeping the production of oxide and doubly-charged species as low as possible (usually <0.2%). Hz and 3.5 J/cm 2 , respectively. Analysis time for each spot was 60-s, comprising a 30-s measurement of background (laser-off), and 30-s analysis of the unknown (laser-on). Detection limits were calculated for each element in each spot analysis.
During trace element analysis, the primary standard GSD-1G [33] and secondary standard were run before and after the batch of 20 unknowns. For quantification of iron-oxides, 57 Fe was used as the internal standard element assuming ideal stoichiometry. All data reduction was performed using 'GLITTER' software with references values from the GeoREM database (http://georem.mpch-mainz.gwdg.de). Average minimum detection limits are given in Table S2 . 
SHRIMP U-Pb zircon geochronology
All isotopic measurements were reduced by off-line computer programs using standard techniques (SQUID) [55] .During zircon analysis, data were collected during six cycles through nine or ten magnetic-field values. The resultant data set for all peaks over all cycles is used to calculate count rates integrated over time from the first peak of the first cycle to the last peak of the last cycle. These count rates are used to calculate isotopic ratios for the analysis. Decay constants used are those recommended by IUGS and 235 U was calculated using the decay constant of Steiger and Jäger (1977) All elements were acquired using a traditional 2-point linear, excluding F Kα which was acquired using a multipoint fit. Following traditional 2-point background analysis, the "shared" background fit option in Probe for EPMA was used across the list of elements. For Nb, a traditional 2-point linear fit was used. Other elements, including those with more complex regions of the spectrum such as in the case some of the REE, multipoint or "shared" fits were used to accurately model the background continuum and/or avoid off peak interferences [59] [60] [61] .
Due to the need for a focused beam, beam damage and alkali element migration (e.g., Na, F, Cl) in zircon analyses were monitored and minimized via analysis of these elements first on the detector, plus application of the Time Dependent Intensity (TDI) correction feature of Probe for EPMA [62] . Using this method, the decay of x-ray counts over time is measured and modelled to return a t=0 intercept, and from this a concentration is calculated.
Zircon grains were both qualitatively and quantitatively X-ray mapped utilising the same instrument at Zircon grains were quantitatively mapped via measurement of Cl Ka on four separate spectrometers (3 LPET and 1 PET crystal), and Fe Ka measured on a single LLIF crystal.
Map quantification was conducted in CalcImage, a module of Probe for EPMA. Background subtraction on the maps was performed via the Mean Atomic Number (MAN) background correction [63, 64] , omitting the need for a second pass "off-peak" map acquisition. Following this each pixel goes through full φ(ρz) corrected quantification identical to traditional spot analysis. Major/minor elements were not acquired in the maps, and thus for accurate ZAF correction and quantification, specified concentrations as acquired from spot analysis were entered into the map quantification procedure for elements such as Zr, Si, Hf etc. Table S4 
